Introduction
============

In 2012 ovarian cancer (OCa) is the second most prevalent type of gynecological cancer globally ([@b1-ol-0-0-10147],[@b2-ol-0-0-10147]). Due to OCa being asymptomatic during early stages, the majority of patients are diagnosed in advanced stages, resulting in a notably poor survival rate ([@b3-ol-0-0-10147],[@b4-ol-0-0-10147]). Ovarian tumors are classified into benign, cystadenoma, borderline and malignant lesions ([@b5-ol-0-0-10147]). A total of \~70-80% of OCa cases are epithelial in origin, and the most common histological type is serous carcinoma ([@b6-ol-0-0-10147]). The most frequent subtypes are endometrial, clear cells, mucinous and undifferentiated carcinomas ([@b5-ol-0-0-10147],[@b7-ol-0-0-10147]). Currently, only two biomarkers \[cancer antigen (CA)125 and CA119\] are used for the clinical diagnosis of OCa ([@b8-ol-0-0-10147]); however, these markers are not increased in all patients with OCa, and they can also be elevated in other cancer types ([@b8-ol-0-0-10147],[@b9-ol-0-0-10147]). Therefore, their decreased sensitivity and specificity limit the merit of these biomarkers as screening tools and increase the requirement for novel diagnostic and prognostic markers.

Focal adhesion kinase (FAK), a non-receptor tyrosine kinase that serves a key role in the integration of signals from activated membrane receptors, the majority of which are within the integrin family ([@b10-ol-0-0-10147]), has been proposed as a potential marker of OCa ([@b11-ol-0-0-10147]--[@b13-ol-0-0-10147]). FAK is expressed in a wide range of human tissue and cell types, and it has been associated with the control of survival, proliferation and motility via integrin-dependent adhesion and signaling pathways ([@b10-ol-0-0-10147],[@b14-ol-0-0-10147]). FAK consists of the following three domains: An amino-terminal band 4.1, ezrin, radixin, moesin (FERM) domain; a central kinase domain; and a C-terminal focal adhesion targeting (FAT) domain ([@b15-ol-0-0-10147]). The FERM domain is a non-catalytic motif that binds a number of growth factor receptors, including epidermal growth factor receptor, platelet derived growth factor receptor and vascular endothelial growth factor receptor 2. FAK possesses a nuclear localization sequence and it is able to interact with nuclear proteins, including p53 ([@b16-ol-0-0-10147]). The kinase domain phosphorylates downstream substrates to convey cellular signals from the aforementioned receptors. The FAT domain contains two proline-rich sequences and is required for localization at the focal adhesions ([@b17-ol-0-0-10147]).

There are multiple isoforms of FAK, with multiple FAK transcripts resulting from alternative splicing and/or promoters. Schaller *et al* ([@b18-ol-0-0-10147]) identified a truncated isoform of FAK lacking the kinase domain. This truncated isoform is known as FAK-related non-kinase (FRNK) and functions as a dominant negative regulator of FAK ([@b18-ol-0-0-10147]). The standard transcript of FAK, lacking exons 13, 14, 16 and 31, is termed FAK°. Additional FAK isoforms include FAK^+^, which contains a three-amino acid insertion in the FAT sequence of exon 31. FAK^6^ contains six additional residues inserted following residue 392 (exon 14). FAK^7^ contains seven additional residues in exon 16. FAK^+6,7^ contains all insertions from the former three isoforms. Finally, FAK^+6,7,28^ (exons 13, 14 and 16), which contains 28 additional residues in the vicinity of box 6 ([@b19-ol-0-0-10147],[@b20-ol-0-0-10147]). FAK variants are differentially expressed in various tissues at different stages of maturation and appear to differ in their phosphorylation ability ([@b21-ol-0-0-10147]).

Alternative splicing also alters the autophosphorylation rate of FAK, with FAK^+^ and FAK° having a low autophosphorylation capacity, while FAK^+6,7^ and FAK^+6,7,28^ display increased autophosphorylation ([@b19-ol-0-0-10147]). A number of studies have associated FAK with oncological diseases. Additionally, Despeaux *et al* ([@b22-ol-0-0-10147]) determined that FAK^6^, FAK^6,7^ and FAK^6,28^ are expressed by myeloid leukemia cells and are associated with increased mortality rate of patients.

Increased expression of FAK has been detected in ovarian carcinomas and is associated with a poor prognosis ([@b13-ol-0-0-10147],[@b23-ol-0-0-10147]). Increased levels of the active form of FAK have also been associated with the aggressiveness of the tumor ([@b24-ol-0-0-10147]). However, to the best of our knowledge, a comprehensive study of the expression of FAK throughout the development of different histological types of ovarian tumor has not been conducted to date; therefore, the aim of the present study was to investigate the FAK expression level in serous and mucinous cystadenoma, borderline tumor and carcinoma samples, along with healthy ovary samples. Additionally, the expression of FAK°, FAK^28^ and FAK^28,6^ isoforms was determined in human OCa-derived cell lines.

Materials and methods
=====================

### Tissue samples

A total of 161 archival, paraffin-embedded ovarian tissue samples were obtained in 2015 from the Pathological Oncology Service of the Century XXI National Medical Center (CMN-SXXI), the General Hospital of Mexico and the Hospital of Gynaecology and Obstetrics No. 4 IMSS (Mexico City, Mexico), under approval of the Committee of Ethics of each hospital. The samples were obtained from patients treated in the aforementioned hospitals between January 2010 and December 2013, the samples were from postmenopausal patients prior to treatment and with definitive diagnosis of ovarian cancer. Slides (5-µm) were obtained, the slides were deparaffinized in an oven at 60°C for 20 min, then incubated in xylene at room temperature for 15 min, and a graded series of ethanol (100, 70 and 30%) for 5 min and rinsed in H~2~O. All slides were incubated with hematoxylin for 1 min at room temperature, subsequently slides were then washed with PBS solution and finally were incubated with eosin for 30 sec and evaluated with an optical microscope at ×20 magnification by an experienced pathologist. Upon histopathological examination, the samples were classified as follows: 50 serous carcinoma samples; 25 serous borderline tumor samples; 25 serous cystadenoma samples; 6 mucinous carcinoma samples; 14 mucinous borderline tumor samples; 25 mucinous cystadenoma samples; and 16 healthy ovary samples. Additionally, archival, paraffin-embedded 25 tumor samples (5 cervical cancer, 10 breast cancer, 5 colon cancer and 5 prostate cancer) positive for the expression of FAK, were obtained from the Pathological Oncology Service of the CMN-SXXI in 2015, were from patients (men and women) with a definitive diagnosis of cancer, prior to treatment and without an age range and were included as positive controls. These patients were treated at the CMN-SXXI between 2010 and 2013.

### Immunohistochemistry for the analysis of FAK expression

Areas containing tumor tissue were identified in H&E-stained slides from each paraffin-embedded sample. These samples were assembled into a multi-tissue block, according to the methodology reported by Hidalgo *et al* ([@b25-ol-0-0-10147]). Slices (5 µm) were cut from the multi-tissue block, placed on glass slides, deparaffinized using xylene in an oven at 60°C for 20 min, and then rehydrated in graded concentrations of ethanol (100, 70 and 30%) and rinsed in H~2~O. The slides were incubated in citrate buffer (Biocare Decloaker DIVA; Biocare Medical, LLC, Paheco, CA, USA) at 90°C for 10 min for antigen retrieval, and were then washed with PBS solution. The Mouse/Rabbit Immunodetector HRB/DAB Detection kit (Bio, Sb, 0003LH Santa Barbara, CA, USA) was used for the visualization of the antibody, endogenous peroxidase was inhibited by incubation with Peroxide Immunodetector Blocker (Bio, Sb, 0003LH Santa Barbara) at room temperature for 15 min. Following washing with PBS, the slides were incubated with anti-FAK kinase domain (dilution 1:200, cat. no. GTX50666; GeneTex, Inc., Irvine, CA, USA) and anti-FAT domain (dilution 1:200, cat. no. GTX50489; GeneTex Inc.) primary antibodies for 24 h at 4°C. Following washing with PBS, tissues were incubated with Biotin Immunodetector (Bio, Sb, 0003LH) at room temperature for 20 min, followed by incubation with Label Immunodetector (Bio, Sb, 0003LH Santa Barbara, CA, USA). To detect the reaction, slides were incubated with an Immunodetector DAB Chromogen kit (Bio, Sb, 0003LH Santa Barbara, CA, USA), and then counterstained with haematoxylin and mounted with resin, according to the manufacturer\'s protocol. Each sample was studied in assays conducted in triplicate.

Semi-quantitative analysis of the reaction was performed under an optical microscope at 20× magnification, according to the system described by Allred *et al* ([@b26-ol-0-0-10147]), which considers two criteria: The number of positive cells; and the intensity of the reaction. Visual analysis was conducted by three independent observers. A sample was considered negative when \<5% cells exhibited immunostaining. Samples with low reaction intensity and 6--25% positive cells were considered low positive (+), samples with moderate intensity of reaction and 26--75% positive cells were considered intermediate positive (++), and samples with high-intensity reaction and \>76% cells exhibiting immunoreaction were considered highly positive (+++). For densitometric analysis, three microphotographs were captured of each sample with an Olympus BX40 optical microscope at 20× magnification. The samples were analyzed using Image-Pro Plus ver. 5.0 software (Media Cybernetics, Inc., Rockville, MD, USA).

### Cell lines

Cell lines SKOV3 and NIH-OVCAR3 were donated by Dr. Fabián Arechavaleta-Velasco and Dr. Laura Díaz-Cueto (Hospital of Gynecology and Obstetrics No. 4 IMSS, Mexico City, Mexico). TOV-112D and HeLa cell lines were purchased from American Type Culture Collection (Manassas, VA, USA). The human ovary cancer cell line SKOV3 was derived from the ascites fluid of a 64-year-old Caucasian female with an invasive ovarian adenocarcinoma ([@b27-ol-0-0-10147]). The SKOV3 cell line exhibits epithelial and adherent morphology. The NIH-OVCAR3 was derived from malignant ascites fluid from a patient with progressive ovarian adenocarcinoma and grown as a cobblestone-like monolayer with multilayered foci ([@b28-ol-0-0-10147]). The TOV-112D cell line was derived from a primary malignant ovarian adenocarcinoma grade 3, stage III ([@b29-ol-0-0-10147]). The human cervical cancer-derived HeLa cell line was included as a positive control for the expression of FAK ([@b30-ol-0-0-10147]). The SKOV3, NIH-OVCAR3, TOV-112D and HeLa cell lines were cultured in Dulbecco\'s modified Eagle\'s medium (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc.) and 0.1 mg/ml streptomycin.

### Western blot analysis

SKOV3, HIH-OVCAR3 and TOV-112D cells were resuspended in lysis buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1 mM EDTA; 1% NP40; and 0.25% sodium deoxycholate) containing Complete Protease Inhibitors (Roche Applied Science, Mannheim, Germany). Protein concentration was determined using a DC Protein Assay kit (Bio-Rad Laboratories, Inc., Hercules, CA, USA), according to manufacturer\'s protocol. A total of 30 µg protein was resolved by 10% SDS-PAGE and transferred onto polyvinylidene fluoride membranes (EMD Millipore, Billerica, MA, USA). Membranes were incubated with the anti-FAK kinase domain (cat. no. GTX50666 GeneTex Inc., Irvine, CA, USA) diluted at 1:1,000 or anti-GAPDH (cat. no. PA1-987 Zymed; Thermo Fisher Scientific, Inc.) diluted at 1:20,000 as a control, at 4°C overnight. Membranes were then washed and incubated with the appropriate goat anti-rabbit IgG secondary antibody (horseradish peroxidase-conjugated) diluted at 1:5,000, at room temperature for 40 min (cat. no. A27036 Zymed; Thermo Fisher Scientific, Inc.). Proteins were detected by chemiluminescence using the Amersham ECL plus Western Blotting Detection System (GE Healthcare Bio-Sciences, Pittsburgh, PA, USA).

### RNA extraction and reverse transcription-semi-quantitative polymerase chain reaction (RT-qPCR) of alternative transcripts

SKOV3, NIH-OVCAR3 and TOV-112D cells were trypsinized, centrifuged and incubated with 1 ml TRIzol^®^ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) to obtain the RNA, according to manufacturer\'s protocols. Following centrifugation at 12,000 × g for 10 min at 4°C, the aqueous phase was recovered, and 500 µl isopropanol was added. Subsequently, an additional centrifugation at 12,000 × g for 10 min at 4°C was performed, and then the pellet was obtained, washed in 70% ethanol and homogenized. Following centrifugation at 7,500 × g for 5 min at 4°C, the pellets were dissolved in 50 µl H~2~O. Subsequently, oligoDT cDNA was synthesized with a Promega Reverse Transcription system GoScript™ (cat. no. A5000; Promega Corporation, Madison, WI, USA). A total of 1 µg RNA was incubated at 70°C for 5 min in the presence of 0.5 mg oligoDT, followed by incubation at 4°C for 5 min. Finally, Master mix (Recombinant RNasin^®^ Ribonuclease Inhibitor and GoScript™ Reverse Transcriptase) was added, according to the manufacturer\'s protocols, and incubated at 25°C for 5 min and then at 42°C for 30 min, cDNA was stored at −80°C until further use. For amplification of FAK isoforms, the PCR primers reported by Corsi *et al* ([@b21-ol-0-0-10147]) were employed (primer M-R2, M-F2, M-F3 and M-F4). These primers were designed to amplify the region between exons 12 and 17. The oligonucleotides used for the amplification of the region comprising exons 12 to 17 were: M-R2, Forward, 5′-AGCGAAAAGCAAGGCATGCGG-3′, and M-F2 reverse, 5′-CTGACGCATTGTTAAGGCTTC-3′ for the isoforma FAK^28,6^. For amplification of the remaining isoforms, the R2 reverse oligonucleotide was used in combination with different forward primers as follows: M-F3 reverse, 5′-TCTCTGTGTCAGAAACAGATGATT-3′ for the isoform FAK° without exons 13 and 14; and M-F4 reverse 5′-CTCCTTCTACGGAAACAGATGATT-3′ for the isoform FAK^8^ lacking exon 14. For PCR reactions, 1.25 U GoTaq^®^Flexi DNA Polymerase (cat. no. M8295 Promega Corporation, Madison, WI, USA) were employed under the following conditions: 95°C for 2 min, then 30 cycles at 95°C for 30 sec, 57°C for 30 sec and 68°C for 30 sec, followed by a final cycle of 68°C for 2 min. Amplification of the ne cycle at 957. For PCR reactions 1.25 U GoTaqs follows: 5′-TCGGGTCAGAAGGATTCCTATG-3′, and reverse 5′-GGTCTCAAACATGATCTGGG-3′ oligonucleotides under the conditions aforementioned for the FAK isoforms. PCR products were visualized on 1% agarose gels stained with ethidium bromide. Band intensities were visualized using the Stratagene Eagle Eye II Gel Imaging System and software EagleSight v3.22 (Stratagene, La Jolla, CA, USA).

### Statistical analysis

Data are reported as the means ± standard deviations of three independent experiments. Data from densitometric evaluation were analyzed using one-way analysis of variance test followed by Tukey analysis and Duncan test to compare the level of expression between the experimental groups. In order to compare data from the semi-quantitative analysis, samples showing low, moderate and high expression from each experimental group were grouped together and considered as the overall positive expression group. Then differences among the experimental groups were evaluated using the Kruskal-Wallis test and Bonferroni correction for pairwise comparisons, Allred *et al* ([@b26-ol-0-0-10147]) and Pizon *et al* ([@b31-ol-0-0-10147]). P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression of the kinase and FAT domains of FAK in OCa

Expression of FAK kinase and FAT domains was analyzed in healthy ovary, cystadenoma, borderline tumor and ovarian carcinoma tissue samples, which were assembled into a multi-tissue block by immunohistochemistry. The expression of FAK kinase domain was observed in 14 out of 16 samples of healthy ovaries, but immunostaining was low or moderate, with none of the samples exhibiting a high positive expression ([Table I](#tI-ol-0-0-10147){ref-type="table"}). A similar pattern of expression was detected in serous cystadenoma samples, with 56% of samples exhibiting low or moderate expression and again, with no samples exhibiting a high positive expression. In contrast, all borderline serous tumor samples were positive for expression of the kinase domain, but only one exhibited high positivity. Similarly, all serous carcinoma samples were positive for the expression of the FAK kinase domain, but 74% of these exhibited high positive expression; additionally, no samples exhibited low positive staining ([Table I](#tI-ol-0-0-10147){ref-type="table"}). The proportion of samples exhibiting expression of the kinase domain in serous cystadenoma, borderline tumor and carcinoma samples was significantly increased, compared with healthy ovary samples (P\<0.05; [Table I](#tI-ol-0-0-10147){ref-type="table"}) and a significant difference between borderline tumors and carcinomas was observed (P\<0.05). The expression of the FAK kinase domain was exclusively cytoplasmic in all positive serous samples ([Fig. 1](#f1-ol-0-0-10147){ref-type="fig"}). In contrast, none of the mucinous tumor groups exhibited a significantly increased proportion of positive expression of the kinase domain, compared with the healthy ovary samples ([Table I](#tI-ol-0-0-10147){ref-type="table"}). However, it is notable that the staining detected in positive samples was also cytoplasmic ([Fig. 1](#f1-ol-0-0-10147){ref-type="fig"}). In agreement with the semi-quantitative analysis, densitometric evaluation demonstrated a significantly increased expression of FAK kinase in borderline tumor and carcinoma samples, compared with healthy ovary samples (P\<0.05; [Fig. 2](#f2-ol-0-0-10147){ref-type="fig"}). In contrast, no significant difference was detected in mucinous lesions ([Fig. 2A](#f2-ol-0-0-10147){ref-type="fig"}).

However, the expression of the FAT domain was observed in 85% of healthy ovary samples ([Fig. 1](#f1-ol-0-0-10147){ref-type="fig"}). Additionally, a high positive expression was detected in 11/16 healthy ovary samples ([Table II](#tII-ol-0-0-10147){ref-type="table"}). There were 88% of serous cystadenoma samples that exhibited positive expression of the FAT domain, and the difference between this group and the healthy ovary samples was statistically significant (P\<0.05; [Table II](#tII-ol-0-0-10147){ref-type="table"}). All serous borderline tumor samples were positive for expression of the FAT domain, exhibiting low-to-high levels of expression ([Table II](#tII-ol-0-0-10147){ref-type="table"}). Similarly, all serous borderline tumor samples analyzed expressed the FAT domain, with 68% of samples exhibiting moderate-to-high expression ([Table II](#tII-ol-0-0-10147){ref-type="table"}). The proportion of carcinoma samples expressing the FAT domain was significantly increased compared with the serous borderline samples (P\<0.01; [Table II](#tII-ol-0-0-10147){ref-type="table"}). For the mucinous tumor samples, it was observed that 68% of cystadenoma samples expressed low-to-moderate levels of the FAT domain, while all borderline and carcinoma samples demonstrated positive staining, with levels of positivity ranging from low to high ([Table II](#tII-ol-0-0-10147){ref-type="table"}). Unlike the kinase domain, the FAT domain exhibited a nuclear and cytoplasmic localization ([Fig. 1](#f1-ol-0-0-10147){ref-type="fig"}). Densitometric analysis demonstrated that the expression of FAT was significantly increased in healthy ovary samples, compared with serous and mucinous samples (P\<0.05; [Fig. 2B](#f2-ol-0-0-10147){ref-type="fig"}).

### Expression of FAK kinase and alternative transcripts in OCa cell lines

The present results demonstrated the expression of FAK in OCa biopsies. In order to evaluate whether FAK is expressed in OCa-derived cell lines, the expression of FAK kinase domain in SKOV3, NIH-OVCAR3 and TOV-112D cells was evaluated with western blotting, with HeLa cells included as a FAK expression control. Incubation with the anti-FAK kinase domain antibody demonstrated the presence of a band of a molecular weight similar to that observed in the positive control. The present results indicated that all three cell lines tested expressed FAK ([Fig. 3A](#f3-ol-0-0-10147){ref-type="fig"}). Additionally, to address whether OCa cells expressing different FAK isoforms, the three cell lines were analyzed with RT-qPCR. As depicted in [Fig. 3B](#f3-ol-0-0-10147){ref-type="fig"}, three different transcripts were detected. A 300-bp fragment was observed in all cell lines, this transcript corresponds to FAK^28,6^ isoform. Amplification of the FAK° isoform was also detected in all cell lines. Finally, the FAK^28^ fragment was detected in all cell lines. However, SKOV3 cells demonstrated a very weak expression of FAK° compared with that observed in NIH-OVCAR3 and TOV-112D cells ([Fig. 3B](#f3-ol-0-0-10147){ref-type="fig"}).

Discussion
==========

FAK has been considered an important kinase for the development of tumor types due to it participating in the processes of angiogenesis, proliferation and cell migration ([@b14-ol-0-0-10147]). Although numerous studies have examined the functions of FAK ([@b15-ol-0-0-10147]), there are, to the best of our knowledge, limited data evaluating the expression of FAK isoforms in OCa ([@b13-ol-0-0-10147]).

In the present study, the expression of FAK in serous and mucinous ovarian tumor samples was evaluated with two antibodies (anti-FAK kinase domain and anti-FAK FAT domain). It was observed that the expression of FAK, as demonstrated by positive immunostaining of the kinase domain, was increased in more advanced tumor samples. This observation is consistent with data reported by other research groups, in which FAK increases in advanced stages of serous tumor cases ([@b10-ol-0-0-10147],[@b11-ol-0-0-10147],[@b22-ol-0-0-10147]--[@b24-ol-0-0-10147]). In contrast, when the expression of FAT domain was analyzed, an increased level of expression was observed in healthy ovary samples compared with carcinoma samples. Sood *et al* ([@b13-ol-0-0-10147]) determined that the endogenous inhibitor FRNK negatively regulates the phosphorylation of FAK. In the present study, it was observed that kinase domain is increased, but FAT domain is reduced, in carcinoma samples; it has previously been demonstrated that the FAK COOH-terminal region, containing the FAT domain, reduces the tyrosine phosphorylation of FAK, inducing apoptosis and loss of adhesion of cancer cells ([@b32-ol-0-0-10147]). Thus, our observation of a reduction of FAT domain expression in ovarian cancer may be in line with the hypothesis that FAT is negative regulator of FAK activity.

FAK is a cytoplasmic protein, and it is activated and localized in focal adhesions ([@b33-ol-0-0-10147]). Accordingly, a cytoplasmic expression of FAK kinase domain was observed in serous and mucinous tumor samples; however, the FAT domain was located in the cytoplasm of serous tumor samples and also in the nucleus of mucinous tumor samples. Previous studies demonstrated that nuclear FAK has the ability to modify gene expression ([@b16-ol-0-0-10147]), providing kinase-independent survival signals to cells; additionally, it is associated with poor prognosis in colorectal cancer ([@b34-ol-0-0-10147]). The result of the present study indicated that the FRNK isoform is localized in the nucleus of OCa cells.

In addition, the present study determined the expression of alternative FAK transcripts in OCa, which may originate different isoforms of the protein. A limitation of our study was that the evaluation of the FAK isoforms was not carried out simultaneously with that of an internal control. Although this is not standard practice, the expression of β-actin was demonstrated in samples from the same RNA used for the study of the FAK isoforms, but in an independent reaction. This might cause variability among gels, however, all samples showed the expression of the internal control gene (β-actin), and in addition they demonstrated different levels of expression for the three isoforms analyzed. It was observed that all cell lines tested exhibited a high expression of FAK^28,6^. In an extensive molecular analysis, Corsi *et al* ([@b21-ol-0-0-10147]) determined that the expression of FAK 28 and 6 boxes is strongly conserved among vertebrates, indicating an important function for the FAK^28,6^ isoform. Notably, it has been proposed that the inclusion of box 6 is associated with increased autophosphorylation of FAK ([@b35-ol-0-0-10147]), indicating that in OCa, this may produce hyperactivation of multiple downstream signaling pathways. This protein has been proposed as a prognostic marker and as a potential therapeutic target in numerous types of tumor; however, novel evidence of FAK isoforms opens up new questions and perspectives in the treatment of OCa.
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![Expression of FAK in ovarian tumor and healthy ovary samples. Expression of FAK kinase and FAT domains was evaluated with immunohistochemistry in serous and mucinous cystadenoma, borderline tumor and ovarian carcinoma samples. A group of healthy ovary samples was included as negative controls. FAT, focal adhesion targeting; FAK, focal adhesion kinase.](ol-17-06-4779-g00){#f1-ol-0-0-10147}

![Densitometric analysis of FAK expression in ovarian cancer and healthy ovary samples. Following immunohistochemistry staining, three microphotographs were captured for each serous and mucinous cystadenoma, borderline tumor and ovarian carcinoma samples. Healthy ovary samples were included as negative controls. The samples were analyzed as described in the Materials and methods section. Relative intensity of (A) FAK kinase and (B) FAT domain immunostaining are depicted. Error bars represent the standard deviation of the mean. Differences were calculated using the analysis of variance test, considering a value of P\<0.05 as significant difference. \*P\<0.05, compared with healthy ovary samples; \*\*P\<0.05, compared with cystadenoma samples; \*\*\*P\<0.05, compared with borderline serous tumor samples. FAT, focal adhesion targeting; FAK, focal adhesion kinase.](ol-17-06-4779-g01){#f2-ol-0-0-10147}

![Expression of FAK kinase and alternative transcripts in ovarian cancer cell lines. (A) Expression of FAK was assessed in SKOV3, NIH-OVCAR3 and TOV-112D ovarian cancer-derived cells with western blotting using an anti-FAK kinase domain antibody. HeLa cells were included as a FAK expression control. Detection of GAPDH was used as loading control. (B) Expression of FAK^28,6^, FAK°, and FAK^28^ alternative transcripts were investigated in SKOV3, NIH-OVCAR3 and TOV-112D cells with reverse transcription-semi-quantitative polymerase chain reaction. Expression of the β-actin gene was included as an internal control. Amplified fragments from each cell line were analyzed in separate agarose gels. FAK, focal adhesion kinase.](ol-17-06-4779-g02){#f3-ol-0-0-10147}

###### 

Expression of focal adhesion kinase kinase domain in healthy ovary, serous and mucinous samples.

  Histological type       No. of cases   Negative expression (−)   Low expression (+)   Moderate expression (++)   High expression (+++)   P-value
  ----------------------- -------------- ------------------------- -------------------- -------------------------- ----------------------- ----------------------------------------------------------------------------------------------------
  Healthy ovary samples   16               2                         6                    8                          0                     
  Serous tumor types                                                                                                                       
    Cystadenoma           25             11                        10                     4                          0                     \<0.05^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"}^
    Borderline            25               0                         5                  19                           1                     \<0.05^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"},[b](#tfn2-ol-0-0-10147){ref-type="table-fn"}^
    Carcinoma             50               0                         0                  13                         37                      \<0.05^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"}--[c](#tfn3-ol-0-0-10147){ref-type="table-fn"}^
  Mucinous tumor types                                                                                                                     
    Cystadenoma           25               7                         8                  10                           0                     NS^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"}^
    Borderline            14               2                         4                    6                          2                     NS^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"},[b](#tfn2-ol-0-0-10147){ref-type="table-fn"}^
    Carcinoma               6              1                         3                    1                          1                     NS^[a](#tfn1-ol-0-0-10147){ref-type="table-fn"}--[c](#tfn3-ol-0-0-10147){ref-type="table-fn"}^

vs. normal ovaries

vs. cystadenoma

vs. borderline. P-values were calculated using the Kruskal-Wallis Test. NS, not significant.

###### 

Expression of focal adhesion kinase focal adhesion targeting domain in healthy ovary, serous and mucinous samples.

  Histological type       No. of cases   Negative expression (−)   Low expression (+)   Moderate expression (++)   High expression (+++)   P-value
  ----------------------- -------------- ------------------------- -------------------- -------------------------- ----------------------- ------------------------------------------------------
  Healthy ovary samples   16               1                         2                    2                        11                      
  Serous tumor types                                                                                                                       
    Cystadenoma           25               3                         7                    9                          6                     \<0.05^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
    Borderline            25               0                         8                  14                           3                     \<0.05^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           NS^[b](#tfn5-ol-0-0-10147){ref-type="table-fn"}^
    Carcinoma             50               0                       10                   18                         22                      NS^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           0.02^[b](#tfn5-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           0.01^[c](#tfn6-ol-0-0-10147){ref-type="table-fn"}^
  Mucinous tumor types                                                                                                                     
    Cystadenoma           25               8                       11                     6                          0                     \<0.05^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
    Borderline            14               0                         3                    8                          3                     NS^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           \<0.05^[b](#tfn5-ol-0-0-10147){ref-type="table-fn"}^
    Carcinoma               6              0                         1                    3                          2                     NS^[a](#tfn4-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           \<0.05^[b](#tfn5-ol-0-0-10147){ref-type="table-fn"}^
                                                                                                                                           NS^[c](#tfn6-ol-0-0-10147){ref-type="table-fn"}^

vs. normal ovaries

vs. cystadenoma

vs. borderline. P-values were calculated using the Kruskal-Wallis Test. NS, not significant.

[^1]: Deceased
